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1. INTRODUCTION

Multiparticle preduction plays a dominating role in hadron-~hadron
scattering at high energies. The detailed experimental study of the
multiparticle channels becomes exceedingly difficultas the energy
increases, especially because of the problem of missing neutrals.
Furthermore, even if one had detailed information, its theoretical
understanding would be difficult because of the problem of organizing
the vast amount bf data that would be involved. These considerations
lead one to hope that, by studying simple features of high energy
scattering, some groundwork for theoretical understanding can be laid.

1 . . .
Feynman and others have emphasized this line of argument.

The simplest features of inelastic scattering are:

(1) total cross sections

(2) multiplicities

(3) single particle momentum distributions

(4) two particle correlation functioms

Each of these can be studied as a function of energy an
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Our experiment 1s intended to bea rather comprehensive £
(2) and (3) in a newly accessible energy range.
Specifically we propose to measure the differential cross secticn
for the production of particle ¢ in the reaction ab-ed
do do

= (abme) =E - (ab—cd)
d7p* d d7p¥

- % + )
vhere a, ¢ = p, p, T , and K, b = p, d ranges over all available

states and is not detected in our experiment, and P¥% is the om
, —



momentum of c.
We shall measure the  dependence of these distributions on

longitudinal c.m. momentum Pll*’ transverse momentum P incoming

=T
c.m. momentum Pg and on the identities of particles a and c¢
Furthermore our measurements shall cover a wide enough range of P* to
permit us to determine the average multiplicity n of particle ¢ from
the integral

i’l o = ,El_%_ d3£7'\‘ .

dgz‘c
wvhere o is the total cross section, which will be known from other
experiments.

This experimental approach will be particularly fruitful if it
should turn out that multiparticle production has some of the features
of a rather random, incoherent process, in the spirit of the original

2 . e -
Fermi statistical model™, or of current ideas of limiting Irag-

. 3 : 1,4 . . .
mentation” and partons ’ ', as discussed below in Section Z.
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[
m
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Recenitly there has been nuch interest in studies of the pro
of inelastic electron scattering, because of the observation that,

as the womentum transfer increases, the "bumps"

die away while the
"background” holds uﬁ, and that an apparent scaling law holds.” For
hadron-hadron scattering, the analogous facts are that as the energy
goes up, cross sections for specific channels fall off with Regge s”
behavior, and that there is an apparent tendency to approach limiting

distributions for the remaining, largely inelastic, processes. These

facts suggest an analogous interest in hadron-hadron inelastic
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scattering studies of the type proposed here.

Finally, we believe that there is merit in studying single particle
production spectra that is independent of any particular theoretical
ideas that one may be testing. These distributions are simple, basic,
and easily acessible experimentally. The richness of the range of

information available suggests that the data may well turn out to have

significance that can only be seen a posteriori.

This type of experiment seems to have been somewhat neglected in
the past, with a few notable exceptions of particle production in pp
qs 6 . . .
collisions  and one recent result on longitudinal moments of nega-
. . - . 7
tives in 7 p collisions .

about inelastic hadron-

16)]

In Section Z we review theoretical idea
hadron scattering. In Section 3 we describe the experimental appa-
ratus, a spectrometer with length proportional to the mcmentum
measured, This'variable length spectrometer enablezus #o obtain a
momentum resolution and acceptance which are independent of mowmentum

=

and it covers the entire kinematic range of the distribution we are

measuring,

[al

In Section &, we discuss the kinematics of particle preoduction,

o

to determine what range of laboratory momenta and angles must be
covered. In Section 5, we give a simple estimate.of the counting

rates, and a determination of the momentum and angle acceptance

neceded to achieve a given experimental sensitivity.
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In our cxperimental design, there is a limit to the maximum
beam intensity that can be used. This limit is essentially set
by the requirement that the singles rates (counting rate inte-
grated over all momenta) in the counters and wire chambers not
be too great. In Section & we use the counting rate analysis
of Section 5 to estimate the maximum beam rate that we can handle;
this limit turns out to be independent of the spectrometer
length, and is around 108 particles per second.

Particle identification is discussed in Section 7. Here again

C

a variable length design is used. The needed threshold Cerenkov
counter length is obtained by bolting various lengths of tubing
together, with a phototube and mirror module on the end. The
total mass of radiator is the same at all momenta. However, the
length needed goes as the square of the momentun, so our simpls
scaling property breaks down and there is a nmomentum at which the

~ . . v b .
‘illed with Cerenkcyw

=
w
[

entire available specirovreier length

counters

The detailed performance of the spectrometer is discussed in Section

8. In particular, the dependence of the acceptance on momentum 4n

the effect of multiple scattering on the momentum resoluticn ars pr
sented. Also the momentum range of the threshold Cerenkov counters

compared to the momentum bite of the spectrometer.

In Section 9 we propose that our experiment be set up initially

with a proton beam to carry out a beam survey and quark seavch. Section

10 gives an estimate of the running time needed, Section 11 discu

D
=

beam requircments and Section 12 discusses cquipment and manpower.

i

<
b
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2. THEORIES OF HIGH ENERGY HADRON-HADRON INELASTIC SCATTERING

In the Fermi statistical modelz, the energy of the incident parti-
cles is dumped into a small region whose size is of the order of the
incident particle size; this energy then escapes, in the form of
hadronic matter, with equal probability into all available channels.
It is well known that this model seriously disagrees with obser-
vation. In particular it fails to account for the fact that trans-
verse momenta are always limited to small values, even at high
bombarding energy. Nonetheless the model, which was formulated be-
fore there was quantitative data on particle production, retains its

appeal. It provides one with the simple picture of the collision of

1451

two extended blobs of hadronic matter with rather well defined sizes,
and to this day it provides bump hunting experimental physicists with
a convenlent parameterization for the vast expanses of inelastic back-
ground which, at high energies,underlie the progressively tinier
and tinier bumps that they find.

Hagedorns has modified the statistical model to get agreement
with existing observations, by invoking a maximum temperature for
nuclear matter and by considering particles emanating from two out-
going '"'fireballs'" associated with the incoming hadrons.

Yang3 has emphasized the picture of hadrons as extended objects

that are rather transparent to each other. This picture leads to

the hypothesis of limiting fragmentation, by the following argument.

Viewed in the rest system of the target, the projectile is a pancake



shaped object passing by with essentially the velocity of light. At
high energics, some or all of tﬁe matter in the target might then be
expected to cmerge in a way that, at high bombarding energy, no
longer depends on the energy. Similarly there would be emerging
particles that are fragments of the projectile, and have limiting
momentum distributions in the projectile rest frame. Existing experi-
mental data tend to support this hypothesis. The increasing multi-
plicity at high energies would then correspond, at least in part, to
more and more of the limiting distribution becoming kinematically
accessible,

Feynmanz reaches essentially the same conclusion about limiting
distributions by arguments based on the picture that hadrcns are
macde up of point-like constituents (partons) whose interac:ions ara

similar to thosz of

w)

imple field theory. These arguments are con-
veniently stated in frames in which the incoming partizles have
large wmomentum, and in particular in the c.m. frame. The inccming
hadrons are made up virtually of constituents, each characrerized by

3

X, its fraction of the incoming longitudinal momentum and >y 2., its
transverse momentum, wnich is hypothesized to be small. Simple guanium

mechanical arguments then suggest that in the collision only patrons

of "wee' x - those having longitudinal momentum in the c.m. of

<] Gev/q;can be exchanged. In that case, the momentum dictribution
of the outgoing constituents and hence, after appropriate f{inal siate

- 1 P

interactions, of the outgoing particles observed in the ilab, will

reflect that of the constitucnts coming in.
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The limiting fragmontation idea translates for the single particle

momentum distributions in the c.m. into the statemeni that

do
“‘MMZ = f(X)pT>
dxd'pT

where f does not depend on the incident energy. Particles of de-
finite negative x correspond, by Loventz transformation, to particles

of definite momentum in the target frame, while particles of definite

Fh

positive x correspond to particles of definite momentum in the pro-

jectile rest frame, in the limit of high incoming energies.

< - ftar o B T Y g q i A e
One then will have target independence: the momentum distribution
- - ol N A L e s U N T
of the fragments of the projectile (x>0) will depend only on the
: T - - 3 - o e - ~ = -
identity of the projeciile apnd not of the target, and conversely Zov
1 - s 7 =1 H gt - F - R N pm e D
the secondaries with x<U. A further prediction Is that transversz
momanta wiil be limited, independentc of energy.
. - e e b cem T 2T e . T
A hirrc that the parton moael VALIALLY comes oo
2 PR S sy e A = o et S () Ao At e T 4 S -
inelastic electron scatiering, whickh Dbenavior can be sxplained by
i . = 1 H —~ -~ 7 ~ oy v e A 1 T fag .
elastic scactering or the electrons frowm point partons taving a
o o
.. P - PR 2.’"\( - = e S T 3 em A ey o v~ Yy e 5 T [
fraciticn « = :2 JEy Sl UaE JCTIL INCOIING DUDLON oSN ouim, nnoract
CE oS I oy e A P 3 n mmo e s =1 N QT A e m e A e =
1T nis ArCon mod2L 15 COorregie, o2 ooservad Cress saciion Lor S
2 KR B 1, Tom v e PR B | S
mu] tlp] LCLTY Ccomes [7rem [ne IAach {hat more2 and ord 2L i TeZion of



small x becones available. At any finite energy the 1/x distri-
bution would extend only down to the '"wee" regibn rather than to
zero. The multiplicity is egual to fhe integral of the longitudinal
momentum distribution over all x, divided by the total cross section.
If the total cross seétion is constant with energy, then by inte-
grating 1/x down to x = [l Gev/incident energyl, we find a loga-
rithmic dependence of the multiplicity on energy.

A number of the experimental predictions mentioned above, such
as limited transverse momentum and.inelasticities, target independ-
ence, logarithmic increase of multiplicity with energy ancd 1/x longi-

tudinal momentum dependence for small x, also come from multiperi-

pherel and nulti-Regge models.

Figure 1 shows some experimental information on single particle
longitudinal meomentum distributions. The data on pp-» and pp—r

were obtained by numericel integration of the strong-focussing

6

single-arm spectromet:r data of Allaby et al~ . The other :wo curves
b . - o - 1 1 1 — T3 L 7

were obtained from new bubble chamber data of Elbert and Erwin on

the longitudinal meomzntum dependence of negative particles Ifrom

25 Gev 7 p collisions, in which all negative particles are assumad

H-

tive longitudinal momentum arc pre-

to be v 's. Their data for pos

-

sented as 7 p-v while their data for negative longitudinal momen

T

have been reflected about P = 0 and labeled pw -7 . The measuraed

d —~ . 1 - B X
values of O have in cach case been multiplied by a factor of -
X I

o . v . . i
where the ¢ factor is included to get a dimensionless quantity, and
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FIGURE 1. Experimentally observed values of 1 X %E. The curves for
T p-r~ and pr —7 were obtained from the datd of"F Reference s
discussed in the text. The pr -y curve was obtained from the
7 p—r  data for- x<0 by reflection about x=0. The curves for op
and pp-y  were obtained from the data of Reference 6 by numeri

integration over the transverse momenta.
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the x factor is included so that a 1/x longitudinal momentum depend-
ence would appear as a tendency for the data to approach a constant

for small, but not wee, x. The similarity of the pp—w_ and pir -

curves suggests that some sort of target independence may indeed hold.
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THE EXPERIMENTAL ARRARNGEMENT.

B

Our expe:imcntai design is based on the following ideas:

(1) Transverse momenta in hadron-hadron collisions are
limited to < 1 Gev/c. Therefore in order to cover the en-
tire range of x from -1 to +1, we need to cover essential-
ly two regions of laboratory momentum and angle, a small
angle "forward region" povering a wide momentum range, and
a "packward" fegicn covering all laboratory angles but
with womentum limited to < 1 Gev/c.

(2) A mementum resolution of the order o

In
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quate for the phenomena we wish fo study. Since with
careful design the transverse nomentun from multiple scat-
tering can be kept to a few Mev/c, the analyzing magne:
need conly have z transverse momentun Impulse of a few

2 2 - ~ — i > 3 qme oy e vy ~ . = e " =y g 1 A ~
(3) The acceptance 27¢L — In invariant phase space should bpe
=
e - = ~1 K3 - 2 on e

roughly consetvant over the entire range covered,

(4) The inscancansous besm rasze o a2 secondary beam at NAL
111 be 1.~'\8 PR S - a - D ot o 1
WillL 08~ L parclcles pel Second. DINCE We Can ngrs-

r n yeim S A P ST s P UL AU S B T
fore use detectors wnich view the farget directly, we do

not need to usce a sivong-focussing spectroneter. This

2 G g Y 3 11 1., - - T ~ I S I SO Y e ey d er g
situarion is unlike the cne at SIAL, where the instantan~

. - R - _ 3 [ iy g : ey 2 Oy o iy
eous beam rate in the external beam is ~107 times grez

Basced on thoese consicgeralions, we have designed a
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configuration single-arm spectrometer, consisting of wire chan-

bers and a small magnet. The "forward' region is covered by a
sequence of configurations of different lengths, ranging from
200 meters down to 3.1 meters, covering momenta from 160 Gev/c
down to 1.25 Gev/c, at transverse momenta from 0.13 Gev/c up to
3.5 Gev/c. The "backward" region is covered by a small fixed
length spectrometer pivoted around the target.

It is expected that each configuration changeover can be
carried out in a few hours; simple optical techniques will be
used for alignment. The schedule of data taking will be ar-
ranged so that we take a complete set of data at each spec-
trometer configuration before changing lengths;
8 configurations.

n 1

Figure 2a is a sketch of the layout for the "forward" data

taking. The beam, which conteins an unseparated mixturs of

ions, kaons and protons or antiprotons. Is incident on a licuic
3 3 n
hydrogen target. Cerenkov countaers in the beam (not shown)

2s. The unscartered beam tfrave

a distant shielded beam dump. Scattered particles are detected

3
and their trajectories determined, in wire chambers wl 2 3 Mo-
3%
mentum analysis is provided by magnet Ml’ and the trajectories
after the magnet arve determined by wire
N Yy
Threshold Cerenlov countars C]’ C,, and che

catterced particle is a proton, a kaon or a light particle (pion,
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muon or electron). The event trigger is basically a coincidence
v

between scintillation counters Sl and 82 and a Cerenkov counter.
Eﬁergy loés counters ("dE/dAX" in the figure) identify particles
of non-integral charge, quarks in particular; shower counter SHl
identifies electrons. Muons are distinguished from pions by the
requirement that they traverse several interaction lengths of
matter.

The needed coverage in transverse momentum is obtained by
moving the spectrometer components on rails transverse to the
beam. The motion will be remote contrelled so that changes can
be effected in a very short time. Since the scattering angle is
small, transverse motion is just as good as motion along arcs
centered on the target. In order to reach a transverse momentum

of 3.5 Gev/c, the experimental area has to extend out to one

side of beam center line a distance of

3.5 Cev/c' R
oSl w200 meters ~0.5 Meters = 3.9 meters

The saving of 0.5 meters comes from bending toward rather than
away from the beam line when we are at large angles.

There is an alternative way to vary the scattering angle,

which 1s to use deflecting magnets and keep the spectrometer

)
=t

fixed. A magnet just downstream of the target, bending in the
vertical plane, can allow us to vary the production angle of the

detected pavticles. A rathev large magnet is required (~6 meters
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to reach PT = 3.5 Gev/c). For a number of reasons we prefer the
transverse motion method, although the bending magnet method
might be attractive in an initial beam survey phase in the proton
beam tunnel as discussed in Section 9.

To cover the "backward" region, we use a fixed length spec-
trometer pivoted around the target. A drawing of the layout is
given in Figure 2b. The magnet M1 is the same as is used in the
”férward” configuration, as are the entrance chambers, readout
electronics, software, etc. Special chambers, somewhat larger
than the ones for the "forward" configuration, are used after
the magnet to make up for the loss of aperture arising from the
fact that the magnet length is now a significant fraction of the
total spectrometer length. A Berkeley-type 13 ® 24 C magnet is
shown for Ml' At full excitation the momentum band covered is
0.5 to 1.0 Gev/c; lower momenta are obtained by reducing the ex-

citation. The laboratory angle coverage extends from 25 to 155

degrees.
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Figure 2b.The low momemtum ("backward") spectrometer configuration:
(a) side view; (b) section through magnet. The spectrometer
is shown at 90° laboratory angle, with the beam coming out of
the paper. HH is the horizontal plane through the terget. The
entire spectrometer assembly is bolted together and pivots
about the vertical axis VV through the target. Laboratory
angles of 25 to 155 degrees can be reached,
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i, KINEMATICS

In this section we discuss some kinematical features of in-
elastic scattering at high energies. 1In particular we exhibit
the limiting forms that the reiation between laboratory and c.m,
quantities take under typical high energy conditions, when the
longitudinal momentum of a particle is large compared to its trans-
verse momentum and mass. The experiment is designed to exploit
these relationships.

Let the laboratory 4-momenta of particles a, b and ¢ in the

reaction ab—cd to be given by

i

(E_ , P, 0)

pa a a

p, = (1, 0, 0)

pC= (Es P“ 3 P

)
where the components given are the total energy, longitudinal
momentum and transverse momentum of each particle, and the masses

are m_ = m, m = M and m, o= . The corresponding center of mass

quantities are

p,* = (E, , P, , 0)
pbx = (be, _Pavr’ 0)
P c* = (rEfc, P” 7'\‘, PT)
Setting

5 = (Pa+Pb)2 = m2-+M2 +2MEa = (Ea*4_E *)2
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or, at high energies

p %= MPy
2
For the laboratory longitudinal momentum we have
2 2
+
p = Py [(x(E_+wM)+ xp 2+ p TP g ]
I — a a —5
s M2

where we have introduced the center of mass longitudinal

fraction "
__h
= 5%
a
For fixed x, the high energy 1imi;_%f this is
X
~ 1 + M+ i1+ o
P, =% [xp_txut[x] p_q/1F-0-]
X
where 5 P—E
i
le) Pa7\

The quantity X corresponds in size to what Feynman calls '"wee"

1 Gev/c

(as opposed to'small") x : wee x means |x|s T
a

while
small x means simply x<< 1,
For positive x we have the following simple limiting relation
between P, and x:
El = xPa, for Xo << x =1

In other words, the longitudinal fraction in the lab is the

same as the longitudinal fraction in the center of mass, and
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is independent of masses.

For negative x we have a different kind of limiting be-

havior: 9 )
bo+P
P m-ﬂ-x S S S for -1 X << - X
i 2 2M x - F o}

In other words finite ﬁl in the lab corresponds to a definite
value of x in the center of mass. The scale factor for the
dependence is set by the target mass M and the produced par-
ticle mass |, without any dependence on the incident particle
nass m.

The values of %l. for positive and negative x join smoothly

on to each other in the region [x]| < Xg» passing through the

value

-2

v
|
i

10

MPa
, = 3 P
Et *o a\ 2s

The behavior of %’ is illustrated in Figure 3, which shows

x P, for x =20
o a

o

calculated values of laboratory longitudinal momenta for protons,
pions and kaons produced by 30 Gev and 200 Gev incident particles
on a proton target. The curves shown are for incident protons
and for zero transverse ncmenta, but the same curves, to within
plotting errors, hold for incident pions or kaons, and for trans-

verse momenta =< 1 Gev/c.
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These curves have the following implications for an
experimental design. We are interested in covering the

entire region of O< P <1 Gev/c and -1 < x < 1, including a

T
study of the behavior around x = 0, Some information is also
useful for larger PT’ over at least part of the range of x.
Therefore in the laboratory one should ideally cover the
following range of momenta: (a) from the full beam momentum
déwn to ~1 Gev/c at small forward angles corresponding to

transverse momenta of < 1 Gev; and (b) from ~1 Gev/c down to

zero over the entire range of lab angles from 0 to 180°,



5. SENSITIVITY

We shall parameterize the differential cross section in a simple
way suggested by some of the theoretical conjectures in Section 2
to get an estimate of the event rate in terms of the laboratory
solid angle and momentum acceptance of our detector. In doing so
we are by no means tying the success of our experimental design to
the validity of the theoretical conjectures; we are simply using
these coniectures as a convenient way to incorporate presently
known features of inelastic hadron behavior in the extrapolation to
a new energy region. Oﬁr experimental design is rather different from

what it would be if we had to approach the problem blindly, in which

Pt

case we would be forced into a considerably more cumbersome and
flexible design.
Without loss of generality we write the differential cross

section for ab-c as

do %o Pa*
-—_..Ni.mr_. == -—«-2- -'—-~;':.- f (Pa“.’\‘ s x s PT)
dxd P A" E
T
where %5 is the total crosg-section for scattering of a on b,

f(P* ,x,P ) is a dimensionless function, 2 is a constant with the

D

dimensions of monentum and, as in Section 4, E¥ ig the c.m. enerzgy

of particle ¢. If limiting fragmentation holds,then f will be a

function of x and P,

T only, and not of the incident momentum Pg.

This fact suggests that, in our estimate of the counting rate

[ Fu)

m

=

nigh encrgies, we uge the values of f determined in experiments at
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existing energies. Turthermore, it appears from data at present
energies that f roughly factors into the product of a function
of x and a function of PT. For our estimates it will be convenient
to assume that this factorization holds, although this assumption

is by no means critical. Thus we are led to the approximate form

ata

p ¥
p 1
ugmihw. = o, £ F(x) =5 G (P
dxd" P 2 A

T
where F(x) and G(PT) are dimensionless functions. By definition G

Y

e

is normalized to satis?

L
IR e

From the general nature of the transverse momentum distributiosn
&
in hadron~hadron scattering we know that, for a value of the con-
stant A of the order of 0.4 Gev the function G will be of the ordar
of unity for small PT’ while it will fall off rapidly below
k]

unity for PT large compared to A, (An example for which this he-

Y

~P /.16
. .1 1 7/
havior holds is =5 G(P,) = —=5 e ).
2 T 2
A A
As for the lengitudinal dependence, we have that, for x no:t 'wee
1 2 E?‘s‘ d 1 d
F(X) = o {\rd PT "y '—‘q'“‘z*""- ~ X .é.':f.
("O i Pa, dxd PT (ro hid
The data of figure 1 suggest that, depending on the identitr of par

ticles a, b and ¢, ¥(x) may be of order unity, or it may be smaller
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than this by many orders of magnitude, but that it does not exceed
a value of the order of unity for x not 'wee'. As for the "wee'"
region of x, there are very few data, but the results of Elbert
and Erwin7 for v p -7 are consistent with F(x) being well behaved
and of order unity for "wee" x.

We have now parameterized the differential cross~gection in
terms of dimensionless functions F and G which take on maximum
values of order unity in some regions of phase space, while falling
of f to very small values in other regions.

In the remainder of this section we use this parameterization
for two purposes: to ensure that the acceptance of our apparatus is
not sc large that there is a significant probability of two parti-
cles from a single event being accepted; and to determine our
sensitivity to small cross-sections (values of F(x)G(PT) small
compared to unity). In Section 6 we shall use the parameterization
again to ensure that, when our apparatus is set to respond to
regions of phase space where the cross-section is small, there is
no background contamination from leakthrough of events from regions
where the cross-section is large.

First we need to transform our expression for the differential
cross-section to laboratory quantities. This transformation is
simple; if the laboratory solid angle is d2 and the laboratory momen-

tum acceptance is dP, we find
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o,
i }k DG (P )
P QO““

Let
N, = number of incident particles
N, = number of detecteﬁ outgoing particles
Fi = probability that an incident particle interacts
F, = probability that, given an interaction,
a secondary particle will enter our detector.

Then we have

Nd = Fy ‘d i’
Fi = 54 for UO = 30 wb with a 30 cm liquid hydrogen target,
and
Pzd dp
o = T P r.en_ger
}d F{x) G IT) . -

Thus we see that the quantity -—53~ == measures the acc

T
]
T
W
e
)
b

v

of our apparatus, over the entire region of laboratory angles and

momenta. Assuming that our apparatus is only able to handls a
2
L . . Pldnar . ,
single paritzcie at a time, we want to make 5 "E small compared
A

to unity in order to ensure that there is only a small probabiitiw
detecting two particles from a single event. The best we can do
is to reject any event for which there are two or more particles
secn, and apply an appropriate correction to the overall normaliza-
tion., If there are no correlations we do not thereby make any

error, but since in gencral there may be correlations between
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particles in various regions of phase space, we want to be sure
that the fraction of events thus rejected is small.

As for the sensitivity to small cross-sections, the apparatus
to be described in this propoéal will be characterized by an

acceptaence of

roughly independent of momentum. We take the lower limit of our

experimental sensitivity to be given by a cross-ssction such that

-

P
"

U 1@0

ar hour

n3

we dete ven

¢}

S

"

¢
{
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6.  BACKGROUNDS AND MAXIMUM DEAM INTENSTTY

There will be a maximum beam intensity above which accidental
rates will be excessive. The principal limitation is that
singles rate in the wire chambers. Using multi-wire proportion-

; . . . . 6
al chambers with ~100 nsec time resolution, singles rates of ~10
counts/second can bc handled. A typical event will then contain
the tracks of a true secondary particle within our momentum ac-

ceptance, along with accidental counts from particles that regis-

tered in 2 few of the chambers only. Our events are consideradly

over-constrained, so we can easily reject a I[ew sSpuriousg counts,
" Specifically, wo require that the input track fowxm a straight

2 : . . 1, e s g e g e Semmea A b ammd g s
line pointing to the target, the output track Zrom a straignt

3 -~ 1 + -~ P e o - +- R DT S SO — —y e
iine , ana that the two tracks meat STGDEY & insiaes ns mainet
gczp
1‘} -~ h']f"’j,"""‘/‘r 1] Ay he A3 Aaa S e TR e =Y de N i == et tate o Rt
1C C«\...,E’)-\)\l'.l&; ﬂ’L-‘«’ De Jdiviged Liico Y _L".,L_V\.i)-_.‘..‘:“' SeCoN Lty
S T . ey wom A v AT 2 . - - s e
particles oraduced in cur target, and dackground not associalec

. , . . s e = . -
oMoy 3 T Ao i -~ - -~ 1 - 1 - Tom o .7 ~ .y T -
Using the rate estimats developad 1n dSection 5, we can sai an

5 R . - S N S v @ e S Nl e e =] Y

upper limit on the singles vate Irom secondary particiles. Zon-

L] . Ty g ol T [ . hl - - p P R Y T o - TN -
gider a beam of N, pariticles per second incident on a 20 cm,

i

l. ig h'\"‘l}‘"ﬁ'\ T voro i ‘1\ o fun ol 1_1 1 o ~{7 arn T 1 RIS

rguic yarogen ArZel, W th 2 gsmall couniay oL area & Loca e 3

: ey M T o -y o 71 - SN P e O 1 B - Y a s
distence L dovmsirveanm and b << I ftransvearse Lo fhe beam (s
Figurs &) The zingles vate will tnen be, according to the -

) 4 " ~.
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where F, will be ~5%, F
i d

P
ra
Fd =

[ P

and

To obtain an upper limit o

5

30

= F, F, N,
i

d i

is given by

P2 az dP

F(x) G(P,) Lpiy IE
T A2 L2 E

n F
d

, we replace F(x) by 1, E by P and

we extend the upper limit of integration to infinity. Then we

find, using the normalization condition on G from Section 5,

co

[= ¢}
L ~ b P2 a2 dp a2 ruG (u)du a2
Fa 2 QP T e T 20T 7 T
0 - o - i
This upper limit on the singles rate is independent of the longi

tudinal distance 1, thus encouraging us to use a variable length

spectrometer.,

(see Section 8). Thus we
limits the beam rate to 0.

lowest P?.setting.

t, with the apparatus set at the mini-

find

5 x

= 0.07

that target-associated background

8 ,
10 particles per second at the
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It is difficult to give a precise estimate of the effects of
background from beam halo and general room background. The max-
imuﬁ useable beam intensity wiil in any.case depend on the momen-
tum setting and angle‘ofithe spectrometer. On the basis of our
experience at lower energy accelerators, we feel that we can
safely expect the spectrometer to be able to handle an incident

beam intensity of 108 particles/second.
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7. PARTICLE IDENTITICATION

- A7 » o~

We plan to use threshold Cerenkov counters to identify
protons and kaons. Such a counter is simply a length of
tubing, filled with gas at the appropriate pressure, with

o . s . o

457 mirror and a phototube at the downstream end. Different
lengths will be used depending on the momentum range being
studied, es discussed below. Wire chambers before and after the

counters will ensure that only one periticle has traversed the

counter, and will help re

2

S P SR T & -3 - . 2 e A A e -y ar - i -
actions with the gas and windocws., AL fhe verv lowss: e
- . R R o N AR ¢ 4 D om
may alsoc uss JdE/AX . 328
LN 3 - P ~ -
jection ratios o
tmma ] et T R s s mmitena AT menreen e
ool slla [N - nealls 2o a0 STOWET
:
. o 1 N Ty SIS S - d o~ . PRI .
countar for elactrons Izlilicwsd Dy a thich counicaz
Is discu d In Sacuion 2.
10
T e T A ) v S
URCH S 2L oV 0T D o@in A4 e

whers : ang I in me

2a

User slznales ¢ from 3 Ry
ceiipre Ryt noa 2y s [ Ba) F Y o ey T
assure Lnal we can eqaai Cils perlior .
[s8 2 .2 e ol 3o e N TN
1o icencd 7 DLCus 4c ENONITIARR e

A e T . [ 3
there w—il oe & countor whosoe Thrs

F . 1f we demand an average of
max



of momentum we find that the required lengih is

L = 29[ max meters

where Pmax is in Gev/c. The Cerenkov angle is

~3 [ 100

qa = 4.7 x 10 radians

max

a = gL = 0.14 {+=x metaers.

£

The counter will cease counting pions entirely at a momentum

ks c s o L - y - o 4 0
-~ P = 0.28 P ; 1t will give 7 photoelectrons (e "=0.9¢

N 2
P
L =10 [ “pax |
100 /
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To. find the amount of gas required we use

2
n-l = S—,
2 P

max

P

- 2
={1.2 x 10“5 (229 > for separating k's from 7's
max

P

' 2
4.5 x 10”5 100 for separating p's from k's
max ‘ '

Since the gas pressure goes as 1/Pmax2 while the counter
length goes as Pmaxz’ the number of grams per cm2 is independent

of Pm For example for air or CO, we require 0.1 g/cm2 of Ceren-

ax’ 2

kov radiator for each of the two counters.
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SYSTEM Ch. RESOLUTION AND OTHER PERFORMANCE FACTORS.

el

Figure 5 is a simplified viow of the spectrometer, with
longitudinal and transversc distance parameters L, L', a, and
b defined. Let PO denote the central momentum (the momentum of
a particle which goes through the center of each chamber). The
solid angle acceptance at PO is then determined by the aperture

of the last chamber, (a square of side a), and has the value

dQO TE s

pie
-
e

The overall scale of the system is deternined by the quant
L/Po’ which 1in cur design has the value

I -
$ 7 1.87 meters/Cev

2 P Py} o VN e e - T mem F as et e N i e S J
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Figure 5. Simplified view of the spectromecter
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PTodage = Poox 0.84 dn 3

- 1.8 x 1077 (Gev/e)?

independent of PO. Expressed in terms of the characteristic

transverse momentum A = 0.4 Gev/c of Section t, the acceptance
bl

is
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end chambers Wl, WS’ WQ’ and W6 is used, and that the momentum
is determined from the difference of the slopes before and
after the magnet, Assuming an r.m.s. position resolution of
0.5 mm in each chamber, the momentum resoiptiondue to chamber

position resolution is

L1 - 0.5%,

chamber
independent of PO, The momentum resolution due to multiple
scattering depends on the gquantity APSC ., the r,m.s., trans-

s

verse momentum from multiple scatfering, throuzh the relation-

ship

- AP
QEE _ __s8catt

g} PR S, ATy 4 1 ~11 £ - = 1 HIP
The quancicy AP .. 1s the sum of contributions added it
scatt
\
P DS 1 T s meaEfarviao 3 Fles Atmambo o J R S
quacracure Irom mulcidie 3calflering 1n {he 2namoers, Lersnkov
v
R 3 el : /o — — A A 1 :
counter and vacuum pipe windows, Cerenkcv counter zas,and air
1 7 P = - 1 ol P . 1 T - 1 a -
gaps along the entire nath from the first to the last chamber,
a1 R PRGN =, . 1 : . s PR B A
The scattering concribution IZrom =2ach 2lement is weighted by
R | ; - - - e i F= o~ ~ o ~ e
a factor which varies linearly from unity for compeonents near
PR, - &y T T N Ty - i o~ 1.7 T [
the magnet to zero for components near Ayoor V. We calculatse
: )

‘ ~
AP e 0.0z Gev/c; ) = 0.6%
scatt > TP .
o — Scatk
and the overall momentum resolution is

5P P
5 = 0.8%



This value is more than adequate for the physics we are studying.,
The multiple scattering quoted assumes that we can make
o ; ' ; .
plane, 45 mirrors for our Cerenkov counters by depositing a
suitable reflective surface on thin foils. We have not yet
verified this assumption by actually making such a mirror;

. . . . &P
however even if a thin glass mirror were IEQUlIed,‘ET would be
acceptable,

The momentum bite is well matched to the useful momentum

range of the pion Cerenkov counters, We will need two kaon
o

Cerenkov counters, set at different pressures. in order to
3 Iy 3
cover the entire momentum range for kaons at once,

\ o L, 2 T A - - v e y U S
counters, This condition <-zn 52 Teéf uUp o 3ome maxinum .
1 3 - 1o oyt N Yl - ~ T e
If there is to be enough rocm o zocom T The Dion Councar
o T . R A =1 AR R
and one kaon counter (the orhzr kaon councar Tan, 2C Lhe nignssl
- - ! L 1 2oy s Eaoa e B iy e i
momeiia, oe put Jjust oefore the T Just arifer
1 Taar PN N A11m e e
the i3ass chnamber s We musT rave
P
o - (o ax, 2 . 1 1 as o P,
(2, S O R Gt el £ L = o5 X L,/ s = ,02 = R
100 2 0 nax
Thus
- 1AM -7
= 160 Gev/c
max
4
is the highest momentum at which e can have 10 :1 particle
gnest momentumn arv el @ 1 nave L L pariliclie
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spectrometer. Identification can be accomplished at higher
momenta if separation only up to momentum PO is reguired:

P
9
0% oo Ly 1.8y P_

(29 +10) (555" = 5

Po < 250 Gev/c
We can reach 300 Gev/c by relaxing our requirements to 103:1

identification.
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9. BEAM SURVEY AND QUARK SEARCH

Our principal interest, and the objective around which our
apparatus has been designed, is the study of inelastic scat-
tering phenomena with a proton target and a variéty of incident
particles. Our apparatué can also piay a useful role in the
intital program of beam surveys and searches for new particles

vhich may be carried on before secondary beams become available,
We believe that it is logical to divide such a program of
beam surveys into several complementary experiments, Our
apparatus is well adapted to a broad survey of the high-rate,
low momentum transfer region. It will quickly provide the

enginecring information needed for beam design, and it will

Y
detect quarks 1f they are produced = 10 times as copiously
!
as p s,

The apparatus will be set up in its 100-200 Gev/c con-

i

O

figuration (250 meters overall length with 200 Gev protons
o b

=
D
s

from the external proton beam Incident on a nuclear target,

Coverag

[

[

will be obtained down to 25 Gev/c secondary momencum
in three momentum bands obtained with full, one half, and one
fourth of the design magnetic field; The momentum resolutiaon
and acceptance for lower bands will be less than in the variable

length design, but will still be more than adequate for a beam

survey,



Data will be
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aken at constant lab angle. Coverage of

the desired angular range will be obtained by means of trans-

verse motion
the previous

experimental

of th

&

spectrometer components as discussed in
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each ééuntef is calculated . Because of the Landau tail the
efficiency for detecting charge 2/3 quarks will be about 50

ﬁer cent, (These counters can also be gated to accept particles
of charge 2 or greater, and thus count antihelium. The wire
chambers would verify that only one particle was being counted.)

A third dE/dx counter will be pulse height analysed with
each event, The resulting spectrum for events satisfying the
quark trigger would show peaks with a characteristic Landau
distribution from charge 1/3 and 2/3 quarks, as well as any
particles leaking through the trigger.

The momentum of any quarks found will be known from their
trajectories through the spectrometer, A rough value for the
quark mass will be attained by measuring the particle's time
of flight through the apparatus. For example, a charge 2/3
quark with 50 Gev/c true momentum will have a time of flight

2
/5 Gev/cz]fnsec. Of course, if a

difference of 1,5[M

quark

m
I
=

tantalizing peak i1s observed, the precise mass will be det:
by a Cerenkov counter pressure curve,
The maximum quark mass observable in the reaction pp->p;

at 200 Gev/c beam momentum is

— s - ; ~~ > 2
Mquark = .,5 ( s QMP) 8.8 Gev/c".
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This mass guark would have a lab momentum ox

s M = 90 Gev/c,
.ch Y em quark /
For charge 2/3 and 1/3 quarks this corresponds to spectrometer
momentum settings of 135 and 270 Gev/c, respectively., Lower
mass quarks would have a range of lab momenta., For example,
’ { 2 3 " P
a 5 Gev/c  quark could have lab momenta betweern 16 and

165 Gev/c.



10.  RUNNING TIME

5

A. Begm Survey =~ 150

&

¥

6

hours total

Setup and counter
Survey and quark
Laboratory angles
be covered for

secondary

100-200 Gev/c.

get better than 10% statistics on particle yiel

feasible NAI, beam

1. : ) TR TS U :
quark seavch will be combined with the negative particle
3 < o o - o 1 ) I g g o = ERE I ;
at 2,5 and 3.5 mr for the highest momentum range, and will ¢
3 1 Smen oo
ZG DouTrs.,.
hn R o P S = 2 P
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for any
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momenta 3

: 1
min, to 1§ hours.
less than 10% of full target rates using our ability to trace

rays through the apparatus,

will be measured.

and four charge combinations (beam -+ and

Ve expect to keep empty target

target time is included in the rumming time estimate,

C. Backward Spectrometer -~ total 250 hours
Setup - 50 hours
Running time -~ 200 hours
Mezsurements will be teken at 8 angles betw
120 ] .
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3 beam momentza,
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aours,
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Individual runs will take from 20
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11. BEAM REQUIREMENTS

In this sectlon we discuss beam requirements for the study of
inelastic hadron-hadron scattering assuming thalt the accelerator
operates at 200 Gev/c. Our spectrometer is capable of studying
inelastic scattering at seéondary momenta up to 500 Gev/c with
particle identification up to 250 Gev/c. We are prepared to con-

-

tribute to the beam survey program and to study inelastic scatter-

®

ing with 500 Gev/c protons if they are availabl

We plan to study inelastic scattering at incident

e z - 7 7 - 2 [ SRR R T = ]
40,80, and 160 Gev/c., We require an unsgeparated Desm O positlve
AD e
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. . P D T o RS SR USRS S S PRI S T
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H LI 72 B -~ I I
m's and X's at 160 Gev,c.
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momentum the divergence at the final image can be larger. When
the backward spectrometer is used the hydrogen target should be
smaller in diameter (one centimeter) in order that the lowest
momentum secondaries see the least possible material in getting
out of the target.

The maximum intensity of the beam is limited by the background,
and by the maximum rate at which beam particles can be identified.
As'discﬁssed in Sec. 6, the experiment can use a beam of 108
particles/pulse or more.

A beam similar to the 2.5 mrad beam described by Reeder and
MacLachlan in the 1969 NAL Summer Study is adequate for our
experiment.

For the beam survey, the proverties of the incident protcn
beam must be consistent with the above requirements. In parcicu-
lar, we must be able to reduce the incident proton intensity zo

108 or 109 protons/pulse.
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12, EQUIPHENT REQUIREMENTS AND MANPOWER

1) Ixperimental Areza: The experimental area should be 4 to 5
ﬁeters wide to one side of the incident beam and 200 meters
long. It should include a portable house or trailer fur-
nished by NAL for housing electronics.

2) Liquid Hydrogen Target: We will require a liquid hydrogen
target with appendices of two different diameters for the

various beam divergences and magnifications used. There
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length of the Cerenkov counters is made at these times.

The "backward" spectrometer is simpler in that it pivots
about the hydrogen target. It isvdesirable to control the
motion of the backward spectrometer remotely.

We request that NAL provide the spectrometer mounting and
alignment system.
5) pISCc Cerenkov Countér: The DISC Cerenkov counter for the beam
wiil be provided by the experimenters.
6) Computer Facilities: We require a small computer for data
collection and monitoring. We are prepared to furnish this
computer ourselves. We will also require fast turn-around (a

few hours) access to a large computer for data processing.

In addition to the three authors of this proposal we will
have one additional Ph. D. physicist (a research associate),

one student, and one technician.
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ADDENDUM TO N,A.L. PROPOSAL 52
Eugene W. Beier, David L. Kreinick, Howard Weisberg
University of Pennsylvania

November 16, 1970

We have proposed an experiment to measure the differential cross-
section for single particle production in the collisions of charged

particles with protons. Specifically we proposed to measure %% for

C
L !
the reaction a + p - ¢+ anything, where a, ¢ = p~, Ki and ﬂi, over the

complete range of secondary momenta. The theoretical considerations
which motivated our proposal strongly suggest that thére is great'in-
terest in covering the widest poséible range of secondary momenta.

It wa; s&ggested by Dr. Wilson that we consider the use of the
single~arm spectrometer facility, or the forward arm ffom the double-
arm spectrometers of experiments 7 and 61, to carry out our measure-
ments., As discussed further below, these specfrometers are essentially
high-momentum devices, and will be mainly limited to studying particles
moving with large positive momentum in the c.m. (x > 0, or "Fragments
of the Projectile" in Yang's language of Limiting Fragmentation)., We
wish to emphasize here the importance, amoag carly measurements from
N.A.L., of measuring thec momentum spectra &f particles haviné relatively
small laboratory momenta (and correspondingly'large angles). Specifically
we refer to particles having momenta near zero in the c.m. (the "wee"
momenta which according to Feynman play a fundamental role in ﬁadron-

hadron scattering, and particles of negative x ("Fragments of the Target').
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It is to be emphasized that there is separate physical interest
in measurements.in each of the kinematic regions, and that mecasurements
taken in different regions will complement each other. We believe that
early measurements from N.A.L. should not be limited to the high-momentum
small angle region only..

We suggest that the kinematic region be covered in three phases:

I. Particles going forward in the lab with 1.5 < Piab S 20 Gev/c.,

II. Low momentum, large angle particles (plab < 1.5 Gev/c).

ITII. High momentum particles (plab 2 20 Gev/c).
The unique feature of our experiment is its ability to achieve compre-
hensive coverage of regions I and II, Region III could be cévered either
by the longer configurations of our proposed apparatus or by apparatus
already under construction (for experiments 7 and 61) or by the proposed
single-arm spectrometer facility.

We therefore propose that we be authorized to measure at an early
date particle spectra in regions I and II, These measurements would be
carried out with the short, low-momentum configurations of the apparatus
described in our proposal. These configurations are modest in scale and
use well-tested detection techniques. Thus we wish to separate the part
of our proposal dealing with relatively low laboratory momenta, and we
wish to carry out this part first,.

In the remainder of this addendum, we discuss our detailed proposals
for regions I and II, and various possibilities for region IIIL.

I. Torward particles, 1.5 <p < 20 Gev/c

1lab

This region will be covered by our forward spectrometer as origin-
ally proposed, but only in those configurations permitting coverage up
to sccondary particle laboratory momenta of 20 Gev/e. The total length

- of the longest (20 Gev/c) configuration is 25 meters. There will be some



coverage up to 40 Gev/c, at reduced momentum resolution, in order to
provide overlap with higher momentum data. AFig. 1 is a drawing of the
spectrometer in its shortest configuration, The coverage in terms of
Feynman's variable x brackets the x=0 region. Depending on transverse
momentum, and on the mass of particle é, the coverage in x extends from
a lower limit of from x =-0,6 to x = -0.02, continuously- up to an upper
1imit of from x = 0,1 to x = 0.5, In accordance with our original meth-
od of estimating running tiﬁe, the beam time which we are requesting

for this phase is 370 hours (including testing).

II. Backward particles of P1ab < 1.5 Gev/e

This range will be covered with our backward spectrometer, as ori-
ginally proposed. Fig. 2 is drawing of the épectrometer. This spectro-
meter extends the coverage obtained with the forward spectrometer to
x = -1.0,

In discussions with the N.A.L. staff, we héve determined that there

is a real possibility that this phase of the experiment could run in a

parasitic mode, upstream of another experiment. Fig. 3 depicts how this
can be accomplished, by installipg the backward spectrometer in the mezz-
anine of the Meson Area building. Crane coverage is not required. The
target is 10 cm of liquid hydrogen ‘(volume ~ 0.1 liter). The beam re-
quirements could be met by the 2.5 mrad or 3.05 mrad beams, with momenta
near 40, 80 and 160 Gev/c and spot size at our target of a few cm, The
beam emerges from our experiment undeflected and undisturbed, except for
.negligible amount of energy loss and multiple scattering. Background
produced by our target will be no more than_that from counters or other
monitors placcd‘iﬁ the becm, Of éoursc we Qre aware Qé the difficulties,

both psychological -and logistical, of “unning experiments in tandem this



way; however, in view of the possibility of increasing the physics
output of N.A.L. at little additional investment, we feel that tandem
running in this case is worth a try.

The running time needed for the backward phase is 250 hours, Be-
cause of the possibility of tandem running, this phase cpuld be carried
out at a very early stége of the N.A.L. research program.

IITI. High momentum particles (p 2 20 Gev/c).
lab

A. High-Momentum Configurations of our Original Proposal,

This approach involves an apparatus that is relatively modest in
cost, and that is tailored to this specific experiment., Details are
given in our proposal,

B. The Strong Focussing Spectrometer Facility.

The device which was discussed at the Single-Arm Spectrometer Work-
-shop woula be well suited for studying particle production spectra at
large laboratory mumenta and small angles.

It was agreed at the workshop that the lower limit of the design
range of the spectrometer will be Proin = 20 - 40 Gev/c. The magnets of
course can be tuned lower, but several factors set a useful lower limit
for the spectrometer., These are: the maximum accessible scattering.
angle of ~80 mrad; the problem of decay of mesons over the long path
thru the spectrometer; the small acceptange {in dsz) at low momenta.

We had a discussion with Dr. J. Friedman of M.I.T. who is the
chairman of the subcommittee that will prepafe the proposal for use of
the facility in inelastic scattering. It was agreed that our group
would not participate in the activities of this subcommittee but that
we would keep in touch and, should both efforts be approved, we would

try to coordinate the choice of kinematic regions covered and arrange



for suitable overlap.

C. The Equipment.of Experiments 7 and 61.

1t scems quite possible that the forward arm of one of these experi-
ments could be used, essentially unmodified, to obtain single particle
distributions at high momenta such as 50, 100 and 150 Gev/c. We haye
not studied this possibility in detail; in particular we are not sure
how one would handle the problem of multiparticle contamination (see be-
low). As far as we know, no one is now actively develoﬁing the idea of
using the forward arm unchanged.

The remainder of this addendum to our proposal is devoted to a dis-
cussion of the multiparticle contamination problem, and to some comments
on various features of our experiment,

The Multiparticle Contamination Problem,

Multiparticle contemination {see pages 26-27 of our proposal) can
be a crucial source of systematic error in a measurement of single par-
ticle distributions; it appears that the subtleties of this problem are
not universally understood. Imagine a single-arm spectrometer with.a
Cerenkov counter for particle identification.‘ If the acceptance of the
spectrometer is too large, then éhere will be a significant'probability
that two particles from a multiparbiclc event will traverse the Cerenkov
counter., (Actually depending on the design, there may be many more  par-
ticles traversing‘the counter than are ultimately accepted by the system).
Now of course, if there are suitable wire chambers in the spectrometer,
one can sort out the trajectories of the two particles. One will then
know that two particles were produced in the region of phasec space being
studied, and one will even know the momentum and angle of cach. The pro-
blem is that one will now have a class of events without particle iden;

e e

" tification, Since two-particle correclations wmay be signiicant, thcere



will thus be a unavoidable systematic error in one's results for the
single-particle distributions,

Comments On Qur Experimental Design,

Our experiment will have the following key features:

1. Direct control over the multiparticle contamination'probleﬁol

2, Constant acceptance in d%T’ as large as possible consistent
with (1). The solid angle in the lab will vary from 5 msr at 1 Gev/c
to 50 psr at 20 Gev/c,

3. Adequate momentum resolution over the entire range of laboratory
momenta covered.

Accuracy. In the most favorable parts of the range of the distri-
butions to be covered, the internal accuracy of the experimental nor-
malization will be a few percent., This capability for high accuracy
will be particularly important for studying the dependence of the dis-
tributions on incoming energy, and the extent -to which they approach high
energy limits.

Particle Identification., We believe that data for incident and

outgoing K's and P's can be obtained simulﬁaneously with the data for n's
and p's, at little incremental éffort, becausekof the way in which our
apparatus is designed. 1In particular we do nét think that the extra de-
gree of comprehensiveness will in any way dégrade the quality of the
data for incident and outgoing n's and p's. Should the situation turn
out to be otherwise, we shall of course concentrate on the w and p part
of the experiment only.

Spectrometer Motion and Alignment System.

The backward spectrometer is pivoted about the target in a standard

way (refer to Fig. 2).



.In the case of th¢ forward configuratibns, we have chosen>the un-
orthodox technique of transverse motion of individual components. We
have found that one reasonable way to achieve the’motion is by means
of precision slides. These slides, along with tﬁeir driving motors
and digital electronics, are stock industrial items made for numerical
machine control applications. The position accuracy is typically a
factor of ten better than we require. The cost is low. Although the
techniques of precision mechanical motion are perhaps unfamiliar to
some high-energy physicists, we consider this part of our‘experimental
design to be a simple, dependable and elegant solution to a number of
experimental problems. (We are still optimizing thg motion system, but
are confident that we have already achieved a workable solution). The
longitudinal motion provided by rails is to be of coarse accuracy only.

If suitable crane coverage is available, we need not use rails at all.



FIGURES

Figure 1.
Plan view of the forward spectrometer in its lowest momentum (L.Z5-Z2.)>

: .
Gev/c) configuration. Secondary particles from the 1iqﬁzd hydrogen tar-
get pass through scintillator Sl’ wire chambers wl, W2 and W3, magnet
M1 (Pole tip region shown shaded), chambers WA’ WS’ W6’ scintillation

v v v

14
C, and C3, and chamber W

counter SZ’ Cerenkov counters Cl’ 9 A 12c24

76
(P.P.A. or A.G.S.) Magnet is assumed for Ml' Chambers W3 and W4 are

located at the edges of the M, effective field region, between the M;

1
coils., All components are mounted on precision slides to permit motion
transverse to the beam under remote computer control. The slides for W3
and WA are mounted directly on magnet Ml’to permit transverse motion
relative to it; this extra motion is necessary in the lowest momentum
configurations where the M1 field length is an appreciable fraction of
the total spectrometer length, The other five slides are mounted on
five trolleys which ride on rails, providing longitudinal motion of
coarse accuracy. After each configuration change (there are four for-
ward coﬁfigurations) the precision slides are leveled and aligned with

respect to each other and the beam by means of adjusting screws and jacks

(not shown) using standard optical surveying techniques.
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Figure 2.

Plan view of the backward spectrometer configuration. Secondary par-

ticles from the liquid hydrogen target T pass through scintillator Sl’
wire chambers Wl’ Wz, and w3, magnet Ml’ chambers Wh, WS’and'W6, scin-

threshold Cerenkov counters C C2 and C3, and

2’ 1’
chamber W7. A 12¢24 (P.P.A. or A.G.S.) magnet is assumed for M

layout differs somewhat from that shown in our original proposal in

tillation counter S
1° The
that both the bending plane and the scattering plane are now horizontal,
permitfing coverage of a wider range of production aﬁgles. Chambers
W, and W, are located at the edges of the Ml effective field region,

3

between the M1 coils. All components are mounted on a table, which.
pivots about an axis through the target, and which rides on a circular

rail. The production angle viewed by the spectrometer can be changed
P ¥ P g

and read remotely, under computer control.



1 meter




M (1]
MC gzzamng

Figure 3.

Plan view of the backward spectromeler installed in the 3,05 mrad beam

in the Meson Arca, upstream of another experiment.
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N.A.L. PROPOSAL 52, ADDENDUM 2

Fugene W. Beler, David L, Kreinick,
Richard Van Berg and Howard Weilsberg

University of Pennsylvania

July 19, 1971

Summary - We propose to make a comprehensive set of measurements of
"inclusive scattering” for secondary laboratory momenta up to 20 Gev/c,
corresponding to the "target fragmentation" region and the "central”
region of secondary momenta. The spectrometer we shall use for these
measurements consists of a small C-magnet, Charpak chambers, and
threshold Cerenkov counters, on a rigid arm that pivots around a verti-
cal axis thru the target. Our experiment can fit into the "front-porch"
area in the 3.5 mrad beam upstream of the Megson Building. The spectro-
meter is the same one we are congtructing for our A.G.S. inclusive
scattering experiment which will be run during 1972. The demand on

N.A.L, resources will be small.



Introduction - We have proposed an experiment to measure the differential

cross=~section for single particle production in the collisions of charged

hadréns with protons. Specifically we proposed to measure gq for the
reactions a + p - ¢ + anything, where a,c = ﬁi, Ki, and pi,doggr the com=-
plete range of secondary momenta. In an addendum dated November 16, 1970
we described how the range of secondary momenta can be divided into vari-
ous regions.,.

In the present (and hopefully last!) addendum, we propose speci-
fically to carry out measurements in the region of secondary momenta Plab
$20Gev/c, corresponding to the "target fragmentation" and "central
region of the kinematic range.

This addendum incorporates some small but important design
improvements coming out of work we have done this spring and summer on

the design of the single-arm spectrometer for our A.G.S. experiment on

particle production spectra.

Experimental Layout - Figure 1 is a plan view of our A.G.S.layout,which is

identical ‘o our proposed N.A,L., layout. There is a ten~foot arm that
pivots around the target from O to 270 degrees, and an extension to 30
feet that pivots from O to 30 degrees. We have found that, by using the
"decision making'" capability of Charpak chambers, we can cover a wide
momentum range with a fixed-length non-focusing spectrometer. The ten~
foot length covers the momentum range from 0.3 to 5 Gev/c in four momentum
bands, and the 30-foot length covers 2.5 to 20 Gev/c in three bands, with
some capability also up to 4O Gev/c.

Essentially all of the equipment has been designed and is under

2



construction or prototype testing, except that the arm extension and tracks
for the 30~foot configuration have been designed but are not under construc-
tion,

The 30~foot configuration uses the same spectrometer drive, angle
readout, magnet, wire chambers, cables and electronics as the 10 foot one,
and uses some of the same Cerenkov counters, We plan to make the config-
uration changeover once during the course of the experiment.

We believe the experiment can fit naturally in the "front-porch"
area (total length 4O ft.) in the 3.5 mrad beam upstream of the Meson Lab.

Alternatively, it could go somewhere else in the 2.5 or 3.5 mrad beams,

Performance Parameters -~ The properties of the two configurations of our

spectrometer are given in Table I. These properties are quite similar to
those given in our initial proposal, despite the economies of design which
have been achieved.

It is of interest to compare these properties with those of a
focusing spectrometer, and so the third column shows the properties of
the low~-momentum focusing spectrometer being built at N,A.L., for use in
the proton beam, In the range up to 2.5 Gev/c, the product (solid angle
acceptance) x (momentum acceptance) x (target length) is three orders of
magnitude greater for our spectrometer. Therefore, for use in secondary

beams, the focusing spectrometer is inadequate.

Experimental Coverage and Time Estimate - Figures 2 and 3 are Peyrou plots

showing the coverage of our experiment for secondary pions and protons.

Fach numbered region shown corresponds to a single "sweep” (sequence of

3



short runs covering fixed secondary momenta and a sequence of angles.)

Fach sweep will be carried out 12 times (3 beam momenta x 2 pri-
mary particle charges x 2 secondary particle charges); some additional
running with target empty and some repeats of old settings will also be
needed. Table 2 gives, for each sweep, the laboratory momenta and angles
covered.

In accordance with the original method of estimating running tiﬁe
given in our proposal, the beam time which we request is a total of 750

hours (including testing).

Beam Requirements -

1. Momenta: U0, 80 and 160 Gev/c.

2. Polarities: Both.

3. Momentum Bite: £ 1,0%

4. Angular divergence: = 2.5 mrad or better

5. Spot size: 1 cm or smaller full width in both planes

6. Halo: Better than 99% of the hadronic component of the
beam should be contained within a L cm diameter
circle.

7. Intensity and disposition of the beam downstream of our
experiment: Most of our running will be with the
maximum available intensity that the Cerenkov
counters can handle, and the beam will pass undis-
turbed thru our apparatus. Our small angle running
requires reduced intensity, and the beam may be de-

flected £ 2.5 mrad by our spectrometer magnet.

L



Equipment Requirements -~

1. Experimental area: Layout is shown in Figure 1., An enclosed
area for housing the electronics should be provided by N.A.L.

2. Liquid hydrogen target: Standard target with 8 inch long, 2
inch diameter flask. We no longer require remote changing from full to
empty target.

3. Spectrometer magnet: One 12C2L4 magnet. Tts power supply
ghould have low ripple to prevent vibrations in the Charpak chambers which
are placed inthe magnet fringe field.

L, Spectrometer mounting and alignment system: To be furnished
entirely by us. If there is no crane coverage, then a fork-lift truck is
needed for initial installation of the tracks and magnet, and once during
the experiment to move the magnet for the configuration changeover.

5. Beam instrumentation: To be provided by N,A.L. for simultan-
eous identification of pions, kaons and protons.

6. Computer facilities: We no longer are assured that the Uni-
versity of Pennsylvania PDP=9 computer, which we shall be using at the
A.G.S., will be available for N,A.L. use., Therefore we request that N.A.L.
provide a PDP-15, PDP-1l or similar computer with at least 8K of memory, a
high-speed tape drive, a CRT display, and a CAMAC interface.

We also require either an on-line link or else fast turn-around

(a few hours) off-line access to a large floating-point computer,

Manpower =~ The experiment will be manned by physicists from the University

of Pennsylvania,



Schedule -~ Our A.G.S., experiment is scheduled to go on the floor in Feb-
ruary 1972, and to be finished by the end of 1972. This schedule has not
slipped at all since last December and we expect that 1t will be met.

Therefore, we propose being installed at N.,A.L. in Januvary, 1973.



TABLE 1

SPECTROMETER CHARACTERISTICS

This Proposal

R

N,A. L.~
*
Short Long Walker
Configuration Configuration
Type Non-Focusing, Non-Focusing, Focusing,
| Rotatable Rotatable Rotatable
Length, ft. 10 30 ol
i
L Gev/c 5 20 2-2.5 |
! 1
i ~10%¥% ; IR ¢
emin, degrees 6-12 | 2l 5 ;
| |
emax’ degrees | 180 5 30 175 |
‘ ] :
BP/P o tral 5% P 5% 10%
6p, % i: O.)—P-'l.o T MeSa s O.’-F-O.B MG il.z g
f’ !
s ;
Ltarget’ cn | 10 ! 10 1 !
| -3 -3 -3 |
AQs ST i 5 x 10 0.5 x 10 0.2 x 1077 |
|
i

-

* Figures given by J. K, Walker at 1971 N,A.L, Users' Meeting.

** Limited by multiparticle contamination.



TABLE 2

KINEMATIC REGIONS COVERED*

Sweep Configuration Lab st?inta ? Laﬁbe ;rnegelse 8>

I 10 foot 0.31 - 0.63 6 - 180

IT " 0.63 - 1.25 6 ~ 120
11T " 1.25 - 2.5 -9~ 75

v " 2.5 =5 12 - 50

v | 30 foot 2.5 =5 2 - 12

VI " 5 - 10 3 - 30 ;
VII " | 10 =20 ' L - 15 |
VIII " 20 - Lo ** %

* The actual range of momenta and angles covered in each sweep will
be somewhat larger than shown, to allow for overlap.

** Some running can be done at 20-40 Gev/c to provide overlap with
other experiments.
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nm were run for ~ 10 hours under test beam conditions,

Figure 5: do versus -t for r + p — x° +<:£:} 15 GeV/c incident

in the first runs during the Spring of 1969.



Figure 6:
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Reconstructed Ko mass spectrum in the forward Vee
detecting arm for incident n~ particles in a short test
run. The trigger arrangement usedrequired that in fast
coincidence, an incident m beam particle (identified
by Cerenkov counters) apparently disappears in the
hydrogen target and does not trigger the anti down-
stream of the hydrogen target, and particles trigger a
counter before the magnet, and in fast coincidence two
particles strike the two counter hodoscopes at the
extreme downstream end. Typically, one trigger in ten
turned out to be a true K°® event. This is the entire
curve -- no background was subtracted, although the
mass plot was limited within the limits shown, HWHM ~
3 MevV. Part of this is due to misalignments and non-
uniformities in the magnetic field, which will be
corrected for. The resultant estimated HWHM ~~ 2 MeV.
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Figure 7: The missing mass spectrum corresponding to the K°
produced forward in the reaction 7 + p - K° - - - - at
10 GeV/c. The location of known A and ¥ states is
also illustrated.



Figure 8:

A photograph of the system as it stands at present. The
beam enters from the left foreground through vacuum pipe
passes through the beam hodoscope and threshold Cerenkov
counter, and then enters a two foot long hydrogen target.
On the left side of the hydrogen target is the wide-
angle Vee detecting arm of the spectrometer with spark
chambers before and after the large (10' wide x 3' deep
x 3' high) magnet. Downstream of the hydrogen target
one can see the forward Vee detecting system already
described in Figure 1.
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RECENT THEORETICAL DEVELOPMENTS ON INCLUSIVE
v DIFFRACTIVE PROCESSES

Addendum to Proposal #86

Spokesman: H. J. Lubatti
19 February 1971
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SUMMARY

Recent unpublished theoretical developments by Abarbanel, Chew,
Goldberger and Saunders at Princeton and DeTar, Jénes, Low, Tan, Weils
and Young at MIT have demonstrated the importance of studying diffrac-
tion dissociation in order to understand one of the most puzzling notioﬁs
in the theory of strong interactions, namely the role of the vacuum or
Pomeranchuk coupling. In this addendum we discuss the relation of these
new theoretical developments to Experiment # 8ewhich proposes to study
in a simple way diffraction dissociation of a hadron by using a helium
nucleus as a target.

Recall that Experiment #86 plans to use the helium streamer
chamber as a “living target"; that is, the helium gas in the chamber
serves as a target as well as a detector of the recoiling heliﬁm
nucleus. Measurement of momentum and angle of the recoiling helium
in the chamber allows us to calculate the missing mass cof thé dissO-
ciated hadron system. In the original proposal we stress the signifi-
cance of studying the states into which a pion dissociates. We still
feel that it is an important part of ocur experiment; however, what we
wish to discuss in this addendum is a slightly different region of the
missing mass spectrum which we obtain automatically: namely, the high
missing mass region where there should be no resonant structure. It
is this region which the above theorists have studied in great detail.-
In particular they have found that the interesting quantity to measure
is the differential cross section do/dtds' for the inclusive reaction
T + He - anything + He, where s' is the mass squared of the hadron systemv
labeled above by "anything".

We emphasize that these new theoretical ideas involve data in a
kinematic region that was already covered in the experiment already pro-
posed. Therefore, we are not discussing any change in the experimental
apparatus or running time, but rather the heightened interest in a part
of the data we shall obtain. In fact, the inclusive cross section is the
easiest part of the experiment to analyze, since it does not require any
iniformation about the multiplicity of the fast particles. We need only
measure the He recoil and calculate a missing mass.

Iu'the'following we discuss the importance of diffraction

dissociation and summarize the new theoretical developments.
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DETAILED DISCUSSION

Diffractive processes, which have long played a prominent role
in elementary particle physics are the most simple processes to study,
but at the same time they are among the most difficult and challenging
phenomena which we have encountered. In attempting to explain such
phenomena in terms of exchange models, we have been forced to the con-
cept of the vacuum exchange or, in the Regge model language, the exchange
of the Pomeranchuk trajectory. Such a concept, while preserving the
basic ideas inherent in the exchange model, presents some difficulties.
The chief problem has been that while other trajectories all have known
particles lying on them, there has not yet been observed a particle
which unambiguously can be associated with the Pomeranchuk trajectory.

In addition, the original conjecture that o (0) is equal to 1,

Pomeron
never has been adequately tested in the energy range available at
existing accelerators.

Experimentally, we can define a diffractive process as one
in which no internal guantum numbers (B,Y,T,G,and 0 = (—l)JP) are
exchanged. This simply means that for the process 1 + 2 > 3 + 4
particle, 1(2) and 3(4) have the same internal quantum numbers.
Elastic scattering is an obvious example of such a process. Another
example of such a process is p + p > p + N*,_Where the N*'S are the T =
isobars. Another example which has been observed is the production
of the Al and Q mesons. All of the data wﬁich have been obtained
at existing accelerator energies have merely served to wet our appe-
tite about the true nature of the diffractive process. The amazing
result that an inelastic diffractive cross section remains constant

with energy suggests that at NAL energies-diffraction dissociation

should become an important if not the most important phenomenon in

strong interéctions.

Recent theoretical work by Chew, Abarbanel, Goldberger and
Saunders at Princeton 1), and DeTar, Jones, Low, Tan, Young and Weis 2
at MIT has given considerable insight into the question of diffraction
dissociation. The crucial observation of the Princeton group has

bgen that in order to better understand the vacuum coupling one

N
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. should study inclusive diffraction dissociation reactions, and not
quasi-two-body processes. The importance of this observation is
greétly enhancéd by the fact that experimentaliy it is much simplier
to study inclusive reactions than it is to try to pick out specific
quasi-two-body channels. ©Now, in fact, we know that all of the
quasi-two-body production data which we have accumulated in the past
ten years has served only as an indication that there is validity

to the exchange model, but has not given us any profound insight
into the theory of strong interactions. What we have learned is that
at higher energies quasi-two-body processes become less important
because of the 1/sh dependence; with the exception, of course, of
those processes which are diffractive.

The particular theoretical process which has been studied
in detail by the Princeton theorists has been A + target = anything
+ target, where A .is a high energy hadron. The only regquirement for
the target ig that it simply take up the recoil momentum necessary
for conservation of energy when the incident particle changes its
mass to some effective M2 = s'. Diagrammatically, this is demon-
strated in Figure 1. Since precisely this process is mediated by the
Pomeron exchange, it is quite cobvious thai a-detailed study of such
a process will serve as a test for any theoretical model which pur-

ports to study diffractive processes. The Princeton theorists have

-
~ﬂ§£%ﬁ%ﬂﬁﬁi

R

Figure 1
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been able to relate this process to a fundamental notion in the theory
of strong interactions, namely that of the three Pomeranchuk vertex.
Such ideas have also been.discussed by Gribov 3) and others, but

the more recent work of Abarbanel, Chew, Goldberger and Saunders b
makes explicit statements about what one should expect from such
inclusive reactions and their profound relevance to the theory of
strong interactions. The salient result found by these workers is
that the inclusive diffraction dissociation cross section at large
missing masses (i.e., large s' in Figure i) is proportional to
/i“:“E;TET . Therefore, in this experiment wheré we are measuring
the cross section for the reaction m + He = anything + He, we are
measuring uP(O). It is this fact which I have referred to as an .
amazing discovery because heretofore the only way we thought we could
learn something about the intercept of fhe Pomeron at t =0 was to
study the energy dependence of the total cross sections, and since

we expect that 1 - aP(O) is of the order of 0.0l or smaller, we would
have to observe an energy dependence of the total cross sections
which goes as l/s(O'Ol). Needless to say, such an experiment would
require extraordinarily precise cross section measurements with ex-
tremely fine granularity in energy; however, since in the inclusive

T + He reaction we measure the square root of 1 - aP(O); a 1% effect

in the total cross section becomes a 10% effect in this experiment.

In the following we give a summary of the relevant formalism developed
by the Princeton group.

The theoretical developments alluded to above have demon-
strated that in the collision shown in Fiéure 1, taking target = He

and A = 7w, the cross section can be asymptotically represented by

2 a_ (0) 20_(t)
29 - L g (t)lBﬂP(O)g @En TS T

ds'dt (Siéréés') 16w | HeP PPP s

The normalization of the vertex factors is such that 7 + He - 1 + He

ggs the asymptotic form

el
) dc"ﬁg i 1 . © 2 5 o 232ap(t)
dt s laxrge 106w tleP P

(L)

(2)
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The guantity gPPP(t) is the triple Pomeranchuk vertex function, and
it is this quantity which Chew feels is of central importance in the

. . 1 . .
theory of strong interactions ). In particular, the Princeton theor-

ists show that

1 1

s = Ter 207 (0) - -Ippp

012 <1 - o, (0) . (3)

If we integrate over t and then normalize Egq. (1) to the elastic

cross section Eg. (2), we find the following relationships

' ‘g, (00 frem(2anin
1 do - PPP P (4 )

;&1 dins' (s', S/S.),~ “Ti;:— i/ o :

large

w

Therefore, we can estimate the experimental effect we would observe
by taking S to be of the order of 0.0l and a'~3_%; O is known to
be approximately 15 mb. We find that

1 do -
;el dins' - 0.1 (5)

We have also calculated, using the Glauber model, the elastic
T He cross section to be about li mb at 100 GeV/c; hence, weé expect
do/dlns' to be of the order of 1 mb, which is easily detectakle in our
experiment. In fact, in our recent supplement to the proposal, which
delt with triggering rates, we estimated conservatively the total
7 He coherent production cross section to be 3 mb. Thus, the result
in Eqg. (5) is not unreasonable, since our 3 mb estimate also included
resonant structure in the s' mass distribution. What Chew and co-
workers are calculating is applicable to large s' where the resonant
structure has damped out.

Note that if gPPP(O) = 0 then we would observe a decrease
of (or absence?) of events at large s', This, in itself, would be
an important'diécovery. For example such:a result would exclude cer-

. . 4
tain proposals which have been made about the Pomeranchuk trajectory ).
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Even more significant will be a study gPPP(t) as a function of t. We
will be able to measure the momentum of the He recoil to approximately
2 MeV/c (recall that the He stops in the chamber), and hence we will
have precise momentum transfer distributions at small values of t.

We remind the reader that the above theoretical predictions
apply only to the region of large s'. 1In the resonance region (small s')
we will apply the analysis we have discussed in detail in the proposal.

It is to be noted that because the above theoretical arguments
stress small ﬁomentum transfers, the nuclear form factor which restricts
us to small t values makes the nucleus a better target than a nucleon.
For example, we expect the He form factor to give us approximately an
e ot dependence in momentum transfer, while a nucleon gives an elot
dependence. Another important point is that the above arguments do
not depend on the exact nature of the incident particle, only that it
be a hadron. Hence, protons will be as interesting as pions, and the
final choice of beam particle should best be left to the convenience
of the scheduling committee, although we confess to having a historical
preference for pions.

In conclusion, this simple experiment measures a profoundly
important gquantity, namely the diffraction dissociation cross section
of a hadron dissociating into anything. This.cross section has already
been related to N, which measures the strength of the three Pomeron
coupling which in turn is related to the intercept of the Pomeranchuk
" trajectoxy at t = 0, and is therefore a parameter of central impor-

tance in the theory of strong interactions. Because such measurements

require that both s and s/s' be large, it is necessary to perform

these experiments at NAL. We stress once more the enormous role
which diffractive processes play in the undersfanding of strong inter-
actions. Therefore, we feel that an experiment which is simple in
na.ure and can give results which are relevant to new, exciting

theoretical ideas should be done as soon as possible.



1)

2)

3)
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ABSTRACT

We resubmit our proposal to measure the diffevanrial cross section
for the production of particle c in the single-particle inclusive reaction
a +b = c + anything, where a and ¢ are any combination of ni, ki and pﬂﬂ
Spectra will be measured with incident momenta Pa = 40, 80 and 160 Gev/c
over a range of secondary momenta PC = 0.3 - 2.5 Gev/c and angle SC =
5 - 1800, covering the target fragmentation region and part of the central
region. In addition we will make precision measurements of the s~dependence
of the inclusive cross-sections inﬁegrated over the fixed range PC = 0.3 - 0.6
Gev/c and GC = 53 - 570, for six incident momenta extending to the highest
available in the Meson Area. The cross-sections will be measured with the
U. of Pa. Single Particle Spectrometer, ﬁhich is presently being used at
the Brookhaven A.G.S. Preliminary A.G.S. results are presented to Adocument

the performance of this spectrometer.



INTRODUCTION

There are three principal reasons for reconsideration of this proposal:
(1) We have now completed the 0.25 - 2.5 Gev/c secondary momentum
phase ("short arm") of our BNL running and can document the quality
of our spectrometer with actual data.
(2) Based on our running experience at BNL, we have modified our

proposal somewhat. First, we have added a series of precision s-dependence

measurements with fixed spectrometer momentum and angle and variable
beam momentum. These will extend our A4,G.S. s-dependence measurements,
preliminary results of which are presented below. Second, we have
decided to measure spectra with the short arm only. This still gives
complete coverage of the target fragmentation kinematic region, but it
gives only partial coverage of the central region. The kinematic region
from 2.5 Gev/c, where the short arm coverage stops, to 20 Gev/c, where
the SAS facility begins its coverage, can be studied with our “long arm"
configuration, We leave this for a future proposal.
(3) We understand that the University of Washington group has shifted its
interest from inclusive scattering to hadron jets, and that their inclusive
scattering experiment has been taken off the schedule. These is now a
large gap in the physics of the NAL program: specifically, there is no
precision measurement of inclusive spectra in the target fragmentation and
central region, with incident particles other than protons.

Part I of this document is an updated summary of our proposal. Part IT
is a preliminary report on our inclusive scattering results at BNL. Part II
is in response to Prof. Wilson's letter at the time our proposal was initally
deferred. That letter stated that action on our proposal would be deferred

until preliminary results from our work at Brookhaven became available.



I. - SUMMARY OF PROPOSAL

Physics

With the construction of the CERN ISR and the NAL 400 GevV
synchrotron, an understanding of multiparticle production processes in
hadronic interactions has assumed a role of fundamental importance.
Although the general features of these processes has emerged, the data
are, in many cases, meager, and experiments performed at different
energies with differgnt techniques are often difficult to compare because
of restricted kinematic coverage, relative normalization errors, etc.
Thus, there exists no set of measurements which fully test the content of
models such as the Mueller-Regge phenomenology; for example, factorizationm,
the approach to scaling, production by xn's and k's, and so forth. We
believe the measurements we propose are as important as measurements of
total and elastic cross sections and should be performed at NAL early in
the accelerator program.

We propose to extend our systematic study of single particle
production, begun at the Brookhaven AGS, to NAL energies. Specifically
we propose to measure the differential cross section for the production
of particle ¢ in the single particle inclusive reaction:

a+p % c+ anything
where a and c are any of the charged hadrons ﬁi, ki and pi. We sometimes
shall abbre¥iate this reaction as " a - c".
The measurements we propose are of two types. The first type is a

measurement of the spectrum of particle ¢ for

cm
P11
P cm
11 (MAX)



be
in the interval -1.0 < x S 0.0 at incident laboratory momenta P, =
40, 80, and 160 GeV/c. Our spectrometer provides continuous coverage
in secondary lab momentum and lab angle and therefore does not prejudice
the measurement in favor of any particular set of variables. Together
with our existing AGS measurements at 8, 12, and 20 GeV/c, these higher
energy measurements will provide a consistent set of cross sections
over a large range of center mass energy.

The second type of measurement is a precision determination of
the s-dependence of the inclusive c¢cross-section integrated over the
fixed range Pc =0.3 - 0.6 Gev/c, ec = 53 - 570, i.e at a single fixed
spectrometer setting. These s-dependence measurements will be made with
six incident momenta ranging from 20 Gev/c up to the highest available

at the Meson Lab. They will supplement our AGS measurements at 4, 6, 8,

10, 12, 15 and 20 Gev/c.

Spectrometer

The University of Pennsylvania Single Particle Spectrometer (Fig. 1)
is fully operational at the AGS and requires no further development. The
sﬁectrometer is constructed on a steel arm which rotates about a pivot
beneath a liquid hydrogen target. A small C-magnet (12C24 with 4" gap)
is used in conjunction with multiwire proportional counters (MIPC) and
trigger scintillation counters to measure the differential cross section
for production of charged particles in a given momentum interval.
Immediately behiﬁd these detectors is a set of thréshold Cerenkov counters,
scintillation counters, and another MWPC wﬁich are used to measure the

ratios of the particle types.
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The spectrometer angle is varied in steps corresponding to
about one third of the spectrometer's angular acceptance so that
the cross section at each production angle is measured in differ-
ent parts of the spectrometer. A "run' at fixed angle 1a$ts about
five minutes. A PDP-9 computer ends the run at a preset count,
moves the spectrometer to the next angle, and begins the next run.
Incrementing the spectrometer angle takes about six seconds and is

accurate to one percent of the increment (the absolute angle is
recorded).

The momentum acceptance is %%%%%% = 2, and the momentum range
0.3 - 2.5 GeV/c is covered in three '"configurations" of the spectro-
meter. The configurations have different particle identification
detectors, magnet current, and MWPC transverse position. Changing between
configurations is a simple procedure; each change is performed only
once during the experiment.

The momentum resolution is typically %2 = ,01 rms. It is
limited at low momentum by multiple scattering and at high momentum
by the 2 mm wire spacing of the MWPC's.

Particle identification is achieved by the use of threshold
Cerenkov counters, and, at low momentum, time of flight and energy
loss. Typically,‘three Cerenkov counters are used. They identify
n's, high momentum K's; and low momentum K's respectively. Although
construction of counters with the specifications of some of the
counters is non-trivial, the counters have been developed and used

successfully at the AGS.



Running time and Schedule

The running time required is based on our experience at BNL
and is:
1) Measurement of spectrum 750 hours
2) Measurement of s-dependence 250 hours
Total 1000 hours
The equipment is constructed and rumming at BNL. We will be able to
set up at NAL beginning Fall 1974,
We propose to perform the experiment in the west branch of the
Ml beam. The entire spectrometer will fit in the alcove presently

occupied by the target for Experiment #104 (Total Cross Section).



IT. PRELIMINARY A.G.S. RESULTS

Normalization Accuracy

We have strived for absolute normalization accuracy at the few
percent level. To search for rate dependent effects, we studied,
as a function of incident intensity, the ratio R = (reconstructed
secondaries)/(incident beam particles). The measured cross-section
is directly proportional to this ratio. The data, Fig. 2, show no
significant rate dependence.

In an analogous way we studied the dependence of R on horizontal
beam steering. The data are shown in Fig. 3. When the beam is grossly
mis-steered, the target full ratio increases because part of the beam
hits the target walls, but the full-empty difference remains constant.

i i yati 40 c0p

.To test the absolute normalization accuracy, we measured for

dt

. . + - R .
elastic scattering of = , n and p on protons at energies where prior

measurements exist. A typical result is shown in Fig. 4. These mea-

surements give us good confidence in our overall normalization.

Partic}e Identification

The spectrometer is designed for good secondary particle identi-
fication not only for ﬂi and p, but also for ki and 5'. Figures 5 a-b
illustrate the mass separation for positive secondaries in the range
PC = 1.2 - 2.5 Gev/c, GC = 9-25°, which is near x = 0 for n's and k's.
Fig. 5a is the pulse height spectrum for all secondaries going thru
Eﬁ, which separates n's from heavier particles. Fig. 5b is the pulse
height spectrum in Es, which separates low momentum k's from p's. Entries
are made in this distribution only for particles with PC =1.2 - 1.88

v
Gev/c and ¢y pulse height below 160, i.e. low momentum k's and p's.
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In general it appears that uncertainties due to n/k/p misidentification

are small throughout our data.

Spectra

We have measured inelastic spectra at Pa = 8, 12 and 20 Gev/c, PC =
0.3 - 2.5 Gev/c, and GC = 5 - 180°, with all four polarity combinations.
These data have not yet been reduced, but the systematic checks described
above give us good confidence in our measurements. Approximately

5 x 106 good events have been recorded.

s~-Dependence

We have also measured the s-dependence of the inclusive cross-
- sections at a fixed secondary momentum in the lab corresponding to the
target fragmentation region. These data have been analyzed up to an
overall normalization constant, and preliminary regults are presented
in Fig. 6. The Pdints plotted give values of the inclusive cross-gsectiom,
integrated over the fixed spectrometer acceptance, in arbitrary units,
for various beam momenta (s values). Relative normalization is all that
is needed to study the s-dependence of these data; absolute normalization
will be obtained later.
There are several aspects of these data that suggest that extension
to NAL energies will be particularly profitable.
(1) Accuracy
For the nine cbpious reactions {ﬂi, p} - {ﬁi, p}, statistical
accuracies approaching 1% are obtained and there appear not to be any
s-dependent normalization prbblems.: This is to be compared with normalization
discrepencies of ~10% which are encountered in comparing inclusive scattering

measurements with bubble chambers.
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(2) Limiting Behavior and Pomeron Factorization

It is widely believed that:

(a) inclusive cross-sections of the type we have measured

approach a high-energy limit;
(b) the approach to the limit has the form A + Bs—l/z;
(¢) the high-energy limit is the same for particle and
antiparticle in the beam;
(d) the limits of the cross section at s = ® for different
beam particle types are in the same ratio as the corresponding
total cross-sections (Pomeron factorization)
Our data are roughly (to within a factor of S 1.5) compatible
with these features. However we are unable to fit our data in detail
with models satisfying (a) - (d). For example in the simple Mueller-Regge
pole model Pomeron factorization requires the intercepts for {p+ﬂ-} and
{ﬂan-} at s = » to have the same ratio as the total pp cross section and the
total xp cross section at s = o. OUr data suggest violation
. . + + . + . -
of Pomeron factorization by 20% in {x~, pJ @ x and 40% in {x , pl .
These results are suggestive but not definitive. Clearly, measurements
at higher energies are needed to provide a definitive answer. The
question of Pomeron factorization is of fundamental importance to an
understanding of high energy hadronic interactions; our kind of measurement

1s one ot the few experimentally feasible direct tests.

(3) The Approach to Scaling

There is a type of information which can come essentially
from our AGS data alone: by assuming that the high energy behavior is at
least crudely given by (2a-d) above, we obtain information about the

rate of approach to scaling. The results are in the form of B values in
-1/2 +

A + Bs

for the fifteen reactions {x", k¥, p*} * = and {x%,p} » k'
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The values obtained are insensitive to the details of the high encrgy

behavior assumed. We find clear contradictions with certain of the

predictions which have been made about the approach to the scaling limit
using duality. For example note the strong s-dependence of p = ﬁi
(Figs. 6 a,b) which according to common folklore scales early.

It is obvious that the approach to scaling needs further study at
NAL. The extended s interval will give a better lever arm for the slope
determinations. Because of the favorable p and k fraction in the NAL beam,
we will be able to study k+ and k- induced reactions with good statistics,
and p induced reactions with moderate statistics. Finally, we should
be able to study proton production in the Regge region (our AGS proton
production data correspond to missing masses in the resonance region;

Regge behavior may be setting in at our highest s-values (Figs. 6 i-k).

(4) Analogy with Total Cross-Section Measurements

The physics of our s-dependence measurements is similar to that
of total cross-section measurements. Therefore, one of the exciting
possibilities is that there may be unexpected deviations from simple
extrapolations, analogous to those seen in total cross section measurements

at Serpukhov and, more recently at the ISR.
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FIGURE CAPTIONS

Fig. 1. Plan view of the "short arm'" spectrometer, which measures angle,
momentum and particle type from 0.3 to 2.5 Gev/c. Mounted on the rotary
carriage are a 12C24 magnet, trigger counter T1_3, proportional wire

chambers PCl_5 and threshold Cerenkov Counters 51_3.

Fig. 2. Rate dependence of the measured cross-section. The normal
operating beam rate ranges from 0.1 x 106 particles/pulse at the smallest

spectrometer anglesto 1.5 x 106 at large angles.

Fig. 3. Beam steering dependence of the measured cross-section. In

normal operation the magnet is kept within the limits marked '"DVM

Tolerance'.

Fig. &4. Elastic calibration. The cross»Seition%%— for n p elastic

scattering as measured in this experiment ig compared with previous

measurements.

Fig. 5. Spectrometer Serenkov counter pulse height distribufion for

a sample of 50% of the data for 20 Gev/c positive beam and 1.2 - 2.5
Gev/c, 9-25 degree positive secondaries.

(a) Spectrum for 51, which operates at an index of refraction n = 1.019
in order to count w's but not k's and p's.

(b) Spectrum in 53, which operates at n4= 1.117. oOnly particles of

momentum 1.2 - 1.88 Gev/c and pulse height below 160 in 61 are entered

in this distribution, which therefore contains essentially p's and k's only.

Fig. 6. Preliminary s-dependence results. These are raw data on the
number of events detected in fixed spectrometer acceptance near Pc = 0.3-0.6,

GC = 53° - 57°, per 108 beam particles. The following important corrections
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have not been applied: = and K decay and interactions; spectrometer
acceptance variation; lepton contamination in the beam. All but the
last of these corrections are expected to be roughly s-independent.

Lepton contamination may be important at low s, but has not been measured

yet.
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ERRATA
8, Paragraph 3, Line 2

... scattering, the behavior of which can .....

18, Paragraph 2, Line 2

reaction ab-scd be

30, Second line from bottom

+es. beam rate to 0.3 x 109 particles ...

35, Paragraph 1, Line 11

«... the spectrometer length linearly with momentum ....



